Objective An impairment of gastric motility is strongly associated with the pathophysiology of functional dyspepsia (FD). Plasma ghrelin is one of the key molecules linked to gastric motility. Therefore, this study aimed to evaluate whether ghrelin (GHRL) gene polymorphisms are associated with clinical symptoms, the plasma ghrelin levels and gastric emptying in patients with FD as defined by the Rome III classification. Methods We enrolled 74 Helicobacter pylori-negative patients presenting with typical symptoms of FD (epigastric pain syndrome (EPS), n=23; postprandial distress syndrome (PDS), n=51) and 102 healthy volunteers. Gastric motility was evaluated according to the Tmax value and T1/2 using the 13 C-acetate breath test. We used the Rome III criteria to evaluate upper abdominal symptoms and SRQ-D scores to determine the depression status. The Arg51Gln(346G->A), preproghrelin3056T->C, Leu72Met(408C->A) and Gln90Leu (3412T->A) polymorphisms were analyzed in DNA in blood samples obtained from the enrolled subjects. Genotyping was performed using polymerase chain reaction. Results There was a significant relationship (p=0.048) between the preproghrelin 3056TT genotype and the serum levels of acylated ghrelin in the H. pylori-negative FD patients. The preproghrelin 3056TT genotype was significantly (p=0.047) associated with the feeling of hunger in the H. pylori-negative FD patients. Conclusion The preproghrelin 3056TT genotype is significantly associated with the acylated ghrelin levels and the feeling of hunger in H. pylori-negative FD patients. Further studies are needed to clarify the association between the preproghrelin 3056TT genotype and lower plasma acylated ghrelin levels and the impact of this relationship on the feeling of hunger in H. pylori-negative FD patients.
Introduction
Functional dyspepsia (FD) is a common gastrointestinal disorder that has been subclassified into two new disease categories under the Rome III classification: epigastric pain gastric pain and acid reflux accompanied by delayed emptying. We have previously reported that the Tmax value, a marker of gastric emptying, is significantly greater in PDS patients compared to that observed in healthy volunteers (3) . In addition, we have also reported that low levels of serum acylated ghrelin are significantly associated with disturbed Tmax values (3) .
Ghrelin (GHRL) is predominantly produced in the stomach, and substantially lower amounts are derived from the bowel, pancreas, pituitary, kidneys and placenta. GHRL is recognized to be an endogenous ligand for the growth hormone secretagogue receptor in the oxyntic gland of the stomach (4) . The plasma ghrelin concentration rises during fasting and falls quickly after meals (5) . Therefore, GHRL plays a role in the long-term as well as short-term regulation of feeding (6) . In human studies, the administration of GHRL increases food intake and the sensation of hunger compared with saline infusion alone (7) . In rodents, central or peripheral administration of GHRL stimulates gastric contraction and emptying (2) and exhibits prokinetic effects in a postoperative ileus model in rats (8) . In pharmacologic studies, acylated ghrelin has been shown to accelerate gastric emptying, increase gastric tone and induce premature interdigestive migrating motor complex activity.
The preproghrelin gene codes for two short hormones, ghrelin and obestatin. The gene encoding preproghrelin, the ghrelin precursor, is located on chromosome 3(3p25-26) and comprises four exons and three introns (9) . Three nonsynonymous single nucleotide polymorphisms (SNPs) in the GHRL gene have been reported. The Arg 51Gln SNP is associated with lower GHRL and insulin-like growth factor I concentrations (10) . The Leu72Met SNP has been linked to obesity-related phenotypes; however, these findings are controversial (9) (10) (11) .
In this study, we aimed to investigate whether GHRL gene SNPs contribute to FD symptoms by impairing gastric emptying and reducing the acylated ghrelin levels in Helicobacter pylori (H. pylori)-negative Rome III-based FD patients.
Materials and Methods

Patients
Seventy-four H. pylori-negative patients presenting with typical symptoms of FD (EPS, n=23; PDS, n=51) and 102 healthy volunteers were enrolled after undergoing upper gastrointestinal endoscopy and abdominal ultrasonography. The patients were diagnosed according to the Rome III criteria (12) . The healthy volunteers were recruited from among the Japanese medical staff of Nippon Medical School who had no clinical history of gastroduodenal disease, including clinical symptoms of FD. Three of the healthy volunteers were H. pylori-positive. The exclusion criteria included severe heart disease, renal or pulmonary failure, liver cirrhosis, severe systemic illness and a history of malignant disease.
Patients with a history of previous gastroduodenal surgery, duodenal ulcer scars, diabetes mellitus and recent use of nonsteroidal anti-inflammatory drugs (NSAIDs), proton pump inhibitor (PPIs) or anticoagulants at endoscopy were also excluded. The presence of H. pylori infection was determined using both the 13 C-urea breath test and histological identification. Written informed consent was obtained from all subjects prior to undergoing upper gastrointestinal endoscopy and abdominal ultrasonography for an evaluation of their dyspeptic symptoms. The study protocol was approved by the Ethics Review Committee of Nippon Medical School Hospital.
Clinical symptoms
The clinical symptoms of FD were evaluated according to the Rome III criteria (12) . The clinical symptoms must have involved at least one of the following: early satiation, bothersome postprandial fullness, epigastric pain or epigastric burning. The diagnostic criteria for PDS included bothersome postprandial fullness occurring after ordinary-sized meals and/or early satiation that prevented completion of a normal meal, with either symptom occurring at least several times a week. The diagnosis of EPS was made based on all of the following: pain or burning that is intermittent, localized to the epigastrium and of at least moderate severity occurring at least once per week. A diagnosis of PDS and EPS was fulfilled based on symptoms occurring for the last three months and the onset of symptoms occurring at least six months prior to diagnosis. In this study, we enrolled PDS patients without abdominal pain or epigastric burning. One patient diagnosed with EPS experienced symptoms that overlapped those of PDS. Abdominal symptoms, including the feeling of hunger, were assessed using a modified questionnaire that has been applied in previous studies and the feeling of hunger was evaluated according to three factors, including frequency, intensity and duration as follows: none, 5; one-two days/3 months, 4; one day/month, 3; one day/ week, 2; half a day, 1; all day, 0 (1, 13, 14) . We assessed abdominal symptoms using the modified Glasgow dyspepsia severity score (15) , which evaluates the frequency of dyspeptic symptoms over the past six months (never, score 0; on only 1 or 2 days, score 1; on approximately 1 day per week, score 3; on approximately 50% of days, score 4; and on most days, score 5), the duration of symptoms (maximal score 5) and the intensity of symptoms (maximal score 3). The status of depression was evaluated using the SRQ-D (Self-Rating Questionnaire for Depression) score (16) . The health-related quality of life (HR-QOL) was assessed using the Japanese version of the 8-item Short-Form Health Survey (SF-8) (17) . Scores for the eight domains ("general health," "physical functioning," "role-physical," "bodily pain," "vitality," "social functioning," "mental health" and "role-emotional") and two summaries (physical component summary (PCS) and mental component summary (MCS)) were derived. A score <50 indicates an impaired QOL.
Measurement of gastric motility
Sodium acetate (water soluble) was used as a tracer to evaluate emptying of liquids (Cambridge Isotope Laboratories; MA, USA). The probes were analyzed using nondispersive infrared spectroscopy (IRIS, Wagner Analyzentechnik; Bremen, Germany). The subject's own production of 300 mmol CO2 per m 2 body surface and per hour were set as the default. We used an Integrated Software Solutions program to calculate the half gastric emptying time (T1/2) and the lag phase (Tmax; min) as the point of maximum gastric emptying according to Hellmig et al. (18) . The half gastric emptying time (T1/2) represents the time when 50% of the initial gastric content is emptied. A Tmax value greater than 60 minutes, representing the mean Tmax plus SD in healthy volunteers, was defined as indicating relative disturbances in gastric emptying according to the diagnostic criteria of the Japan Society of Smooth Muscle Research and our study (3, 19) .
Study protocol for gastric emptying of liquids
We used a liquid test meal consisting of 100 mg of 13 
Genotyping
We developed or optimized the following assays for genetic variation. Genotypes were confirmed or selectively assessed for GHRL (Arg51Gln 346G->A; rs:34911341), (preproghrelin 3056T->C; rs:2075356), (Leu72Met 408C->A; rs: 696217) and (Gln90Leu 3412T->A; rs:4684677) genotypes using direct sequencing with the ABI 7500 Fast. Gene polymorphisms were determined according to methods reported in other studies. Real-time polymerase chain reaction using TaqMan chemistries (Applied Biosystems, Foster City, CA) was used to identify the alleles present in each sample. Real-time polymerase chain reactions were performed in an Applied Biosystems 7500 Fast machine (Applied Biosystems). Taq Man primer-probe assays for Arg51Gln SNPs 346G->A (rs:34911341; C-25607739-20), preproghrelin SNPs 3056T->C (rs:2075356; C-3229939-1), Leu72Met SNPs 408C->A (rs: 696217; C-3151003-20) and Gln90Leu SNPs 3412T->A (rs: 4684677; C-25607748-10) were purchased from Applied Biosystems. Briefly, each reaction volume was 10 μL and consisted of 5 μL of TaqMan Genotyping Master Mix (Applied Biosystems), 0.25 μL of a 40× primer probe assay mix (Applied Biosystems), 3.75 μL of H2O and 1 μL (10 ng) of genomic DNA. The amplification conditions consisted of 95 for 10 minutes and 40 cycles of 95 for 15 seconds and 60 for 60 seconds followed by 50 for two minutes. The data were analyzed using an automated software program (SDS 2.1; Applied Biosystems) to determine the genotype of each sample.
Measurement of the plasma ghrelin levels in the H. pylori-negative FD patients
We measured the plasma ghrelin levels to evaluate their association with polymorphisms of GHRL in the H. pylorinegative FD patients and healthy volunteers. Blood samples were obtained after an overnight fast of >12 hours, immediately transferred to chilled polypropylene tubes containing Na2EDTA and aprotinin, then centrifuged at 4 . One-tenth of the volume of 1NHCl was immediately added to the separated plasma. The acylated and des-acylated forms of ghrelin were measured using commercially available ELISA kits according to the manufacturer's instructions (Active Ghrelin ELISA Kit and Desacly-Ghrelin ELISA Kit, Mitsubishi Kagaku Iatron Inc., Tokyo, Japan). The intra-and inter-assay coefficients of variation (CV) were 6.5% and 9.8% for acylated ghrelin and 3.7% and 8.1% for desacylated ghrelin, respectively.
Statistical analysis
For the statistical evaluation of group data, Students' t-test for paired data and an analysis of variance (ANOVA) for multiple comparisons were followed by Scheffe's F test. The Mann-Whitney U test was used for the analysis of categorical data. The distribution of alleles at each locus was assessed using the χ 2 statistic of the Hardy-Weinberg equilibrium. To determine factors associated with disturbance of gastric emptying, a multiple logistic regression analysis was used at 95% confidence intervals and associated p values. In addition, we evaluated the differences between two group factors (genotype of four SNPs of the GHRL gene, H. pylori-negative FD patients vs. healthy volunteers) for mean values of the acylated ghrelin levels using a two-way ANOVA analysis. The data analyses were performed using a standard software package (SPSS version 13.0, Chicago, IL). A p value of less than 0.05 was considered to be statistically significant.
Power of the study
In this study, we aimed to assess the potential association between the acylated ghrelin levels and symptoms of FD in patients with a preproghrelin 3056T->C allele status. In our study, we determined the sample size using the PS (Power and Sample size calculations program) software program, a gift from Vanderbilt University. The deviation of the acylated ghrelin levels in the healthy volunteers was approximately 3.2 (σ=3.2). Using the above data, setting α= 0.05, β=0.80, effect size=0.625 and the estimated mean ghrelin level in patients with FD=13.7 fmol/mL, 102 healthy volunteers and 74 FD patients would be sufficient to identify clinically relevant differences. 
Results
Characteristics of the H. pylori-negative FD, PDS and EPS patients and healthy volunteers
The age, sex and BMIs of the H. pylori-negative FD, PDS and EPS patients did not differ statistically from those of the healthy volunteers (Table 1) . However, the SRQ-D scores and the T1/2 and Tmax values in the H. pylori-negative FD, PDS and EPS patients were significantly (p<0.001) higher than those observed in the healthy volunteers. The rates of impaired gastric emptying in the FD patients (43.2%) and PDS patients (41.2%) were significantly (p<0.01) higher than that observed in the healthy volunteers (4.3%) (Table 1). In addition, the mean values of PCS and MCS determined according to the SF-8 method were 44.4±2.8 and 44.1±3.4 in the FD patients, 42.8±2.7 and 44.3±2.7 in the PDS patients and 43.9±3.9, and 43.5±3.6 in the EPS patients, respectively, indicating greater levels of impairment in the PDS and EPS patients compared to the scores of 48.9± 3.3 and 47.1±3.7 observed in the healthy volunteers, respectively.
Genotypes of the GHRL gene in the FD patients
The Arg51Gln (346G->A), Leu72Met (408C->A), preproghrelin (3056 T->C) and Gln90Leu (3412T->A) genotype distribution in the H. pylori-negative FD patients was 73CC (98.6%), 1CT(1.4%); 21GT(28.4%), 52GG(70.3%), 1TT (1.3%); 3CC(4.1%), 29TC(39.2%), 42TT(56.7%); and 72TT (97.3%), 2TA(2.7%), respectively. The Arg51Gln (346G-> A), Leu72Met (408C->A), preproghrelin (3056 T->C) and Gln90Leu (3412T->A) genotype distribution in the H. pylori-negative PDS patients was 51CC(100%); 16GT (31. (94.1%), 6TA(5.9%), respectively. There were no significant differences between the genotype distributions observed in the H. pylori-negative FD patients and those observed in the healthy volunteers (Table 2) .
Relationship between the genotypes of GHRL gene SNPs and the acylated ghrelin levels in the H. pylorinegative FD patients and healthy volunteers
To investigate whether the genotypes of the GHRL gene are associated with the serum levels of acylated ghrelin and des-acylated ghrelin, we compared the relationships between the four GHRL gene SNPs and the serum levels of acylated ghrelin and des-acylated ghrelin levels in the H. pylorinegative FD patients and healthy volunteers. We measured the mean values of plasma acylated ghrelin (FD patients, 13.77±3.56 fmol/mL; healthy volunteers, 16.14±3.12 fmol/ mL) and des-acylated ghrelin (FD patients, 74.34±6.97 fmol/mL; healthy volunteers, 93.75±19.2 fmol/mL). The acylated ghrelin levels in the Arg51Gln 346CC genotype (dominant model) group were similar to those observed in the Arg51Gln346CT/TT genotype group as well as those observed in the Gln90Leu3412 TT genotype (dominant model) group (Table 3) . The acylated ghrelin levels (12.25±1.81 fmol/mL) in the Leu72 Met408GG (dominant model) group were also similar to those observed in the Leu72 Met 408 GT/TT genotype group (11.37±2.67 fmol/mL). The acylated ghrelin levels (9.02±1.75 fmol/mL) observed in the preproghrelin 3056 TT genotype (dominant model) group were There was a significant relationship (p=0.048) between the preproghrelin 3056TT and acylated ghrelin levels in the H. pylori-negative FD patients (Table 3 ). In contrast, we could not find any significant correlations (p=0.253; p=0.889; p= 0.441) between the acylated ghrelin levels and the Arg51Gln (346G->A), Leu72Met (408C->A) or Gln90Leu (3412T->A) genotypes in the H. pylori-negative FD patients (Table 3) . There were also no significant correlations between any of the four GHRL gene SNPs and the des-acylated ghrelin levels in the H. pylori-negative FD patients (Table 3 ). There were also no significant associations between any of the four GHRL gene SNPs and the acylated or des-acylated ghrelin levels in the healthy volunteers (Table 3) . Moreover, we also determined whether the acylated ghrelin levels were different between the H. pylori-negative FD patients and the healthy volunteers for each genotype of the GHRL gene. According to a two-way ANOVA analysis of the preproghrelin 3056 T->C genotype, there was a significant (p=0.025) difference in the acylated ghrelin levels between the H. pylori-negative FD patients and healthy volunteers.
Comparison of the four GHRL gene SNPs with the Tmax value in the FD patients and healthy volunteers
Since low levels of serum acylated ghrelin were found to be linked to impaired gastric emptying in PDS patients in our previous study, we attempted to clarify whether any of the four GHRL gene SNPs were associated with the Tmax values in the H. pylori-negative FD patients and healthy volunteers. In the current study, we could not find any significant relationships (p=0.249; p=0.624; p=0.202; p=0.891) between any of the four GHRL gene SNPs, including Arg51 Gln (346G->A), preproghrelin 3056T->C, Leu72Met (408C->A) and Gln90Leu (3412T->A), and the Tmax values in the H. pylori-negative FD patients (Table 4 ). In addition, there were no significant relationships (p=0.727; p=0.269; p= 0.160; p=0.576) between any of the four GHRL gene SNPs and the Tmax values in the healthy volunteers (Table 4) .
Comparison of the four GHRL gene SNPs with clinical parameters and symptoms in the H. pylorinegative FD patients
Since the serum acylated ghrelin levels have been previously reported to be linked to BMI and eating disorders, we also investigated whether any of the four GHRL gene SNPs were associated with any of the clinical parameters or clini- Table 5 ). In addition, there were no significant relationships between either the GHRL Gln90Leu (3412T->A) genotype or the Arg51Gln346G->A genotype and the clinical parameters. In contrast, there was a significant relationship (R=0.274, p=0.018) between the GHRL Leu72Met 408C->A genotype and BMI (Table 5 ). In the H. pylorinegative FD patients, the preproghrelin 3056TT genotype was significantly (p=0.047) associated with the feeling of hunger compared to the preproghrelin 3056 TC/CC genotype ( Figure A ). However, in the H. pylori-negative FD patients, there were no significant relationships between clinical symptoms and the Arg51Gln (346G->A), Leu72Met (408C->A) or Gln90Leu (3412T->A) genotypes. In the H. pylori-negative PDS patients, the preproghrelin 3056TT genotype was significantly (p=0.045; p=0.016) associated with the feeling of hunger and abdominal fullness after meals compared to the preproghrelin 3056 TC/CC genotypes ( Figure B ). There were no significant relationships between clinical symptoms and the genotypes of Arg51Gln (346G-> A), Leu72Met (408C->A) or Gln90Leu (3412T->A) in the H. pylori-negative PDS patients ( Figure B ).
Discussion
The major findings of this study are as follows: 1) there was a significant relationship between the preproghrelin 3056TT genotype and the serum levels of acylated ghrelin in the H. pylori-negative FD patients, 2) in the preproghrelin 3056T->C genotype group, there was a significant (p=0.025) difference in the acylated ghrelin levels between the H. pylori-negative FD patients and the healthy volunteers and 3) the preproghrelin 3056TT genotype was found to be significantly associated with the feeling of hunger in the H. pylori-negative FD patients.
Altered gut-brain interactions may underlie symptom generation in patients with FD. We herein reported that the acylated ghrelin levels are significantly lower in PDS patients than in healthy volunteers. In addition, there is a significant inverse relationship between the plasma acylated ghrelin levels and the Tmax values in PDS patients (3). Lee et al. reported that the total plasma ghrelin levels are significantly lower in dysmotility-like FD patients than in controls (20) . Shinomiya et al. reported that the plasma acylated ghrelin and des-acylated ghrelin levels are not significantly different between FD patients and controls and that the plasma acylated ghrelin levels are correlated with subjective symptom scores in FD patients (21). Takamori et al. suggested that there are no significant associations among gastric emptying, the plasma ghrelin levels and psychological factors in FD patients (22) . These results suggest that the relationship between the plasma ghrelin levels and FD symptoms remains uncertain. However, ghrelin may play an important role in the etiology of FD because it has wellestablished roles in increasing appetite and food intake and stimulating gastric emptying and acid secretion (6, 23) . In our data, there were no significant differences in the distributions of the genotypes of the four GHRL gene SNPs between the H. pylori-negative FD patients and the healthy volunteers (Table 2) .
Brain-gut interactions modulate appetite, feeding and digestion. The gut hormone blood levels are altered in patients with dyspeptic disorders, including those with FD, and may be involved in the regulation of appetite. Patients with dysmotility-like dyspepsia have higher serum concentrations of leptin, which are associated with gastritis and H. pylori infection (24). Tahara et al. reported that a CCK genotype is associated with PDS in Japanese men (25) . In addition, we have also previously reported that there is a significant relationship between low levels of acylated ghrelin linked to appetite and the Tmax values (3). Stanghellini et al. reported that disturbed gastric emptying is associated with satiation and impaired food intake (26) . Therefore, it is critical to clarify whether the genotypes of ghrelin affect the Tmax values in FD patients and healthy volunteers. In our study, there were no significant relationships between the Tmax values as a marker of gastric motility and any of the four GHRL gene SNPs, including Arg51Gln (346G->A), preproghrelin 3056T->C, Leu72Met (408C->A) and Gln90Leu (3412T->A) in the FD patients and healthy volunteers. Gastric motility is affected by various gut hormones, including motilin, ghrelin, cholecystokinin, GLP-1 and peptide YY (27) . It is of clinical importance to consider the relationship between gastric acidity and gastric motility because Lee et al. and Schwartz et al. both reported that intraduodenally administered acid affects gastroduodenal motility as well as visceral hypersensitivity (28, 29) . Furthermore, Saito et al. reported that acceleration of gastric emptying was observed in an H. pylori-infected animal model (30) . In contrast, in our previous study, H. pylori infection reduced the number of ghrelin-producing cells that are linked to gastric emptying (31). Suzuki et al. reported that the plasma ghrelin levels correlate well with the serum levels of the pepsinogen I/II (PGI/II) ratio (32) and are decreased in association with advancing gastric mucosal atrophy. Taking together the findings of previous reports and our data, the serum ghrelin levels may be affected by H. pylori infection (30) (31) (32) . In our data, there was a significant relationship between preproghrelin 3056T->C genotype and the acylated ghrelin levels in the H. pylori-negative FD patients. Therefore, in future studies, we should investigate why the preproghrelin 3056T->C genotype could not be linked to the Tmax value as a marker of gastric emptying in the H. pylori-negative subjects. In addition, due to the small number of subjects in the Rome III subgroup, type II errors cannot be excluded. Therefore, our results should be treated with caution until they are replicated in different populations and other races.
There is increasing evidence that susceptibility to functional gastrointestinal disorders (FGIDs) is also influenced by hereditary factors (33) (34) (35) . Holtmann et al. reported that homozygous GNβ3 825CC is associated with upper abdominal symptoms unrelated to meals in patients in Germany (36) . We also first reported that the GNβ3 CC variant is significantly associated with disturbance of gastric emptying in PDS patients without gastroesophageal reflux symptoms (37) . In this study, since the serum ghrelin level has been reported to be associated with food intake and gastric motility, we focused on the relationships between the genotypes of the GHRL gene SNPs and the feeling of hunger in FD patients. The preproghrelin 3056T->C genotype was found to be significantly associated (p=0.045) with the feeling of hunger and abdominal fullness in the H. pylorinegative PDS patients. Miwa et al. reported that FD patients eat meals irregularly and do not have an appetite (38) . The authors speculated that eating habits associated with the feeling of hunger are related to the pathophysiology of FD, especially PDS (38) . Therefore, we also speculate that the feeling of hunger linked to appetite is a very important factor in considering the etiology of FD in certain patients with GHRL gene SNPs, such as preproghrelin 3056T->C. In contrast, in this study, there were no significant relationships between the three other GHRL gene SNPs (Arg51Gln (346G->A), Leu72Met (408C->A) and Gln90Leu (3412T-> A)) and the feeling of hunger in the H. pylori-negative PDS patients. Considering that ghrelin infusion also increases food intake and the sensation of hunger compared with saline infusion alone (7), measuring the genotypes of the GHRL gene may significantly reflect the activity of serum ghrelin compared to that of ghrelin. Ukkola et al. reported that Arg51GlnSNP is associated with lower ghrelin levels (10) . However, in our data, the Arg51Gln(346G->A) genotype was almost entirely of the CC type in both the Japanese FD patients and healthy volunteers. Ando et al. reported that the preproghrelin gene 3056T->C SNP is associated with changes in the basal ghrelin concentrations (39) . It is controversial whether any of the ghrelin gene SNPs alter the levels of ghrelin and/or obestatin (40, 41) . In this study, we also confirmed that the preproghrelin 3056TT genotype is significantly linked to low levels of acylated ghrelin in H. pylori-negative FD patients compared to healthy volunteers. The active form of ghrelin is acylated ghrelin, the serin3 residue of which is posttranslationally octanoylated. Recently, the enzyme that octanoylates the serine3 residue of ghrelin has been discovered to be ghrelin O-acyltransferase (GOAT) (42) . Considering that there were no significant differences in the distributions of the genotypes of the four GHRL gene SNPs between the H. pylori-negative FD patients and healthy volunteers, we speculate that the acylated ghrelin levels in healthy volunteers expressing the preproghrelin 3056 TT genotype may be modified by other factors, such as upregulation of the activity of GOAT. In addition, the Met 72 allele has been shown to be associated with an earlier age of self-reported onset of obesity in several studies (9, 11) and with higher BMI values. However, a recent Danish study concluded that the Leu 72 Met polymorphism of the ghrelin gene is not associated with metabolic syndrome or related quantitative traits (43) . The Gln90Leu SNP has also been linked to obesity (44) . In our data, there were no significant relationships (p=0.21; p=0.94) between BMI and the genotypes of Arg51Gln (346G->A) or Gln90 Leu (3412T->A) in the H. pylori-negative FD patients. In contrast, the genotype of Leu72Met (408C->A) was found to be significantly (p=0.018) associated with BMI in the H. pylori-negative FD patients. Further studies are needed to investigate the precise mechanisms through which the genotypes of preproghrelin are linked to dysfunction of acylated ghrelin and whether the preproghrelin 3056T->C genotype contributes to the long-term regulation of appetite and BMI (6).
Akamizu et al. reported the ability of repeated ghrelin administration to increase appetite and food intake in patients with FD (45) . Recently, the acyltransferase responsible for ghrelin acylation, GOAT, was discovered (42) . The posttranslational modification of octanoylation appears to be essential for GH-releasing ability (46) as well as acylated ghrelin's regulation of food intake and insulin secretion (47) . Considering the present results and those of a previous study, ghrelin administration may be more useful for therapy in certain FD patients expressing the preproghrelin 3056TT genotype. The relationship between the ghrelin signaling system and eating behavior makes identifies ghrelin, growth hormone secretagogue receptor (GHSR) and GOAT as good candidate genes for hunger sensation and the risk of eating disorders (45, 48) .
Taken together, in this study, the preproghrelin 3056TT genotype is significantly associated with reductions in the levels of acylated ghrelin and the feeling of hunger in H. pylori-negative FD patients. Further studies are needed to clarify the mechanisms through which the preproghrelin 3056TT genotype is associated with reduction of the acylated ghrelin levels and the feeling of hunger in H. pylori-negative FD patients.
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